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Doppler Echocardiographic Comparison of Flows Distal to the Four
Cardiac Valves
CLEO p, LOEBER, MD, STANLEY J. GOLDBERG, MD, FACC, HUGH D. ALLEN, MD, FACC
Tucson, Arizona
Cardiac flows measured by the Doppler technique and
invasive methods correlate well, but no prior study has
correlated Doppler flows obtained distal to the four car-
diac valves in the same individual. The purpose of this
investigation was to measure the four flows in normal
subjects using the range-gated pulsed Doppler echocar-
diographic technique. Velocities were obtained from 22
subjects aged 4 to 29 years at a beam-flowintercept angle
close to 0° in the ascending aorta, distal main pulmonary
artery and the tricuspid and mitral valve outflow areas.
Vessel and orifice sizes of the ascending aorta, main
pulmonary artery and tricuspid valve orifice were mea-
sured directly from two-dimensional echocardiographic
images. The mitral valve orifice was measured by a pre-
viously described method.
Results show that flowvalues for the ascending aorta,
main pulmonary artery and tricuspid valve inflow area
A number of studies have correlated Doppler-determined
aortic (1-4), pulmonary (4-7) and mitral (6,8) valve flows
with flows measured by invasive techniques. In all in-
stances, correlation of flows measured by the Doppler tech-
nique with flows measured by invasive methods has been
very high, and absolute flow magnitudes have been similar.
However, no prior study has examined the relation of Dop-
pler-determined flows in different cardiac locations within
the same individual. This study reports the relation of flows
measured distal to the four cardiac valves and describes a
new technique for measuring tricuspid valve flow by Dop-
pler echocardiography.
Methods
Study patients. The study group consisted of 24 ran-
domly selected, healthy volunteers aged 4 to 29 years (mean
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weresimilar in absolutemagnitude and correlated strongly
(r = 0.93 to 0.98). Slopes for these relations were ap-
proximated at 1.0. The absolute magnitude of mitral
valve flows was highly variable and showed the poorest
correlation with flows from the other areas (r =0.59 to
0.67). The high correlation of ascending aorta, main
pulmonary artery and tricuspid valve outflow areas was
considerably assisted by recording of velocity at a ver-
ified angle near 0° and obtaining accurate vessel and
valve diameters. Improved angle accuracy was possible
in the ascending aorta with the use of a new transducer
designed to image anteroinferiorly from the suprasternal
notch. A relatively simple method for measuring tricus-
pid flow was developed. This study demonstrates that
flows measured distal to the tricuspid, pulmonary and
aortic valves are quite similar in a given individual.
17) who had never had an echocardiogram before this study.
They had no history of cardiac disease and had normal
clinical and two-dimensional and Doppler echocardio-
graphic examinations.
Doppler echocardiography. To measure flows, we used
an Electronics for Medicine/Honeywell pulsed Doppler sys-
tem operating at 3.5 MHz. The specific objective was to
obtain flow velocities just beyond each of the four cardiac
valves at a beam-flow intercept angle of 0° or very near to
0°. After alignment in the two visualized planes, peak ve-
locity in that location was achieved by transducer angulation
in the third (elevational) plane.
Tricuspid flow velocities were measured from the apical
short-axis four chamber plane in the tricuspid outflow tract
with the sample volume placed just beyond the tips of the
tricuspid leaflets. Pulmonary velocities were measured from
the parasternal short-axis plane with the sample volume
placed in the distal main pulmonary artery (4). Mitral ve-
locities were measured in the apical short-axis four chamber
plane using the method of Fisher et al. (8). Special care
was taken to align the Doppler sampling plane with the
septum as visualized by two-dimensional echocardiography,
thus allowing a very small angle between the interrogating
beam and flow.
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Figure I. Schematic of the suprasternal notch transducer for im-
aging the aorta. The front and side views demonstrate that the
transducer images 25° off the in-line axis.
The ascending aorta was recorded from the suprasternal
notch with a special transducer that sectors 25° off the ver-
tical axis (Electronics for Medicine/Honeywell prototype)
(Fig. 1). This transducer allowed easy imaging of the as-
cending aorta from the suprasternal notch so that the beam
could be angled directly down the central axis of the as-
cending aorta parallel with respect to flow.
Measurements. All vessel and valve areas were ob-
tained directly from two-dimensional echocardiographic im-
ages. Tricuspid diameter was measured as the distance from
the anterior right ventricular endocardium to the septal en-
docardium at the level of the insertion of the tricuspid leaflets
(Fig. 2). This distance was treated as a diameter (d), and
area was computed by (d/2?7T. The pulmonary artery was
Figure 2. Upper panel, Method for mea-
suring diameter of the tricuspid orifice. The
orifice is measured between the arrows. The
lower panel demonstrates a typical velocity
tracing obtained distal to the tricuspid valve.
e = endocardium; I = leaflet.
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Figure 4. Comparison of pulmonary and tricuspid flows. Abbre-
viations as in Figure 3.
Figure 3. Comparison of pulmonary and aortic flows. INT = y
intercept; SEE = standard error of the estimate in cc/min; SL =
slope.
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and tricuspid valve flows (r = 0.98 and 0.93, respectively).
The standard error of the estimate was about twice as large
(648 cc) for the pulmonary-tricuspid valve relation as that
for the pulmonary-aortic relation (353 cc). In both instances,
the slope was approximately 1.0. The weakest relation ex-
isted between pulmonary and mitral valve flow (r = 0.59)
(Fig. 5). The large standard error of the estimate demon-
strates the marked variability of that relation.
Aortic valve flow. Aortic valve flows correlated well
with pulmonary and tricuspid flows (Fig. 3 and 6). The
relation of aortic and pulmonary flow has been discussed.
The correlation of aortic and tricuspid flow was r = 0.94,
with a standard error of the estimate of 609 cc. The regres-
sion slope was 1.05. However, the correlation of aortic and
mitral flows was weak (r = 0.59) (Fig. 7) and the variability
large (SEE = 1,591 cc), as when pulmonary and mitral
flows were compared.
Mitral valve flow (Fig. 5, 7 and 8). There was a weak
correlation of mitral flow to all other flows as well as a
marked variability in mitral flow as compared with flows
measured elsewhere in the heart and great vessels.
Results
Adequate images were obtained from 22 of 24 subjects.
We were unable to measure pulmonary artery diameter and
velocity in 2 individuals, thus leaving 22 for study. Flows
distal to each cardiac valve were obtained for all but one
subject in whom tricuspid flow was not measured.
Pulmonary valve flow. Figures 3 and 4 demonstrate an
excellent correlation of pulmonary and aortic and pulmonary
Area through which flow passed
x .
cos (J
measured as previously described (4). The most reliable
pulmonary artery diameters were obtained when the patient
was rotated leftward more than 90° from the supine position.
This allowed distinct imaging of the lateral pulmonary artery
wall from that of the lung.
Mitral orifice measurement was computedusingthemethod
a/Fisher et al. (8). The technique is summarized as follows.
The maximal mitral valve orifice is obtained from a standard
parasternal short-axis view. The area is obtained by plani-
metry of the mitral valve orifice at the level where the leaflets
attach to the chordae. This value is then multiplied by the
ratio of mean to maximal mitral leaflet separation as derived
from an M-mode echocardiogram.
Aortic diameter was obtained preferentially from the su-
prasternal notch with the special transducer. This tranducer
imaged the aorta with lateral resolution and, therefore, mea-
surements were obtained from middle to middle of the wall
image above the sinuses of Valsalva. If a high quality image
was not obtained in this manner, the aortic diameter was
obtained from the precordium and the diameter was mea-
sured above the sinuses of Valsalva. Because aortic mea-
surement in this latter plane utilized axial resolution, we
used leading edge measurement methods for diameter mea-
surement (9).
Data analysis. To eliminate bias, vessel and orifice areas
were computed at a different time than were mean flow
velocities. For computation of mean velocity, four to seven
consecutive beats of good quality were identified, and the
modal velocity (darkest area of the trace) was digitized
utilizing an Apple computer and a dedicated software mea-
surement program (Biodata Corporation) (4). The computer
then determined the mean velocity per second. Vessel areas
and orifice sizes were obtained by direct measurement from
two-dimensional echocardiographic images. The beam-flow
intercept angle (0) was maintained as close to 0° as possible
at the time of recording, and if a 0° angle could not be
achieved, it was measured electronically with a manually
set cursor. Velocity was then corrected for the angle. With
these measurements, the cardiac output (CO) was computed
as follows:
CO = Mean velocity/s x 60 (s/min)
cos (J
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Figure 5. Comparison of pulmonary and mitral flows. Abbrevi-
ations as in Figure 3.
Figure 7. Comparison of aortic and mitral flows. Abbreviat ions
as in Figure 3.
Tricuspid valve flow. Details regarding the correlation
of tricuspid flow to other flows have already been men-
tioned. Briefly , tricuspid flow had the following relation to
aortic rr = 0.94 , SEE = 609 cc) (Fig. 6), pulmonary (r
= 0.9 .3 , SEE = 648 cc) (Fig . 4) and mitral flows (r
0.67 , SEE = 1,337 cc) (Fig. 8).
Discussion
Numerous studies (1-8) have reported an excellent cor-
relation of Doppler and invasively measured flows for the
aorta, main pulmonary artery and mitral outflow tract. In
most instances, correlations were r = + 0.9 or higher.
Saunders et al. (5) measured Doppler-determined aortic ve-
locities from the subcostal rather than the suprasternal ap-
proach and demonstrated a lower correlation than did other
investigators . The problem with the subcostal approach may
have been inability to measure the elevational or azimuthal
plane angle . Nonetheless, it is clear that flows measured
using the Doppler technique closely approximate those mea-
sured by invasive methods. However, no prior study has
correlated the Doppler-measured flows beyond each of the
cardiac valves . Our results show that with the except ion of
mitral flow (8), flows distal to the other valves demonstrated
very high correlations and similar absolute magnitudes.
Observations regarding performance of the exami-
nation. Obtaining an aortic dimension and velocity from
the suprasternal notch was relatively easy using the proto-
type suprasternal notch transducer. The pulmonary velocity
was also easy to obtain using the parasternal short-axis plane.
However, obtaining an adequate pulmonary artery diameter
requires a moderate amount of experience and a technique
slightly different from that of standard two-dimensional im-
aging. Tricuspid flow velocity is easy to image and requires
little experience. Imaging the tricuspid anulus requires vis-
ualization of both leaflets. This takes some experience and
often necessitates video replay with freeze frame to obtain
the best image. For the mitral flow, both the necessary
images and velocity traces are easy to obtain. However, we
obtained a variety of values for the mitral orifice in a given
individual. This is a problem we were unable to solve .
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Figure 8. Comparison of mitral and tricuspid flows. Abbrevia-
tions as in Figure 3. The 2 alongside a box indicates a value that
represents two subjects.
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Figure 6. Compari son of aortic and tricuspid flows. Abbreviations
as in Figure 3.
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Beam-flow intercept angle. Alignment of the sample
volume and flow at a beam-flow intercept angle of near 0°
or 180° using standard equipment is relatively easy for mea-
suring pulmonary artery, mitral and tricuspid velocities.
However, in a pilot study, imaging the ascending aorta at
an intercept angle of near 0° proved to be very difficult.
Inability to precisely ascertain the intercept angle led to large
errors in determining aortic flow by Doppler echocardiog-
raphy. Accordingly, we obtained a special transducer that
sectors 25° off the in-line axis and, therefore, directly im-
ages inferiorly and anteriorly from the suprasternal notch.
This transducer permits in-line imaging along the central
axis of the ascending aorta. The special transducer removed
a major source of error in computing aortic flow.
Vessel and valve orifice areas. Accurate determination
of the area through which flow passes is critical since any
radius measurement error is raised to the second power.
Aortic area has previously been demonstrated to be rela-
tively easy to measure above the sinus of Valsalva from the
precordium. This measurement was not statistically different
from that measured from the suprasternal notch plane. How-
ever, imaging from the suprasternal plane permitted a di-
ameter measurement at the precise site where Doppler ve-
locities were sampled, whereas precordial positioning of the
transducer did not. Pulmonary artery diameters are more
difficult to image than aortic diameters. We found that the
pulmonary artery diameter could best be obtained by rota-
ting the subject leftward more than 90°. This patient ro-
tation allowed separation of the image of the anterolateral
pulmonary artery wall and the echocardiographic image of
the lung. We measured the tricuspid orifice from the right
ventricular endocardium to the septal endocardium at the
level of insertion of the tricuspid leaflets. This measurement
proved to be easily obtained from the apical four chamber
plane. We experienced significant difficulty in determining
the maximal mitral valve orifice. Despite meticulous ex-
amination of the mitral valve in the short-axis view and
careful evaluation of chordal level images, we obtained a
variety of different-sized maximal orifices and were never
certain which was the true maximal orifice. Averaging areas
did not solve this problem. Further, the previously described
technique (8) assumes a circular orifice, and the mitral ori-
fice, during most of diastole, is not circular.
Tricuspid valve flow. This is the first study to report
Doppler-determined tricuspid flows in human subjects. Tri-
cuspid flows correlated well with values obtained for aortic
and pulmonary artery flows. Measurement of tricuspid valve
flow was relatively easy. For determining orifice area, a
circular model was used.
Mitral valve flow. Although very high correlations were
obtained between flows beyond other valves, flows distal
to the mitral valve correlated poorly with flows measured
in all other areas. Furthermore, the standard error of the
estimate from the regression line for those relations was
very large. This discrepancy probably occurred because we
were unable to measure the true mitral orifice with confi-
dence. The difficulty in obtaining a true maximal mitral
orifice flow has been discussed previously. Recording mitral
velocity at an angle near zero was not a problem. Prior
mitral flow studies were performed primarily in dogs (6,8),
and a transfer of technique between species may have pre-
sented a problem for the following reasons: 1) the animal
studies were performed in an open chest preparation, 2)
direct visualization of the atrioventricular groove may afford
a superior alignment to that obtainable in a patient, and 3)
the exact dynamics and anatomy of the mitral valve during
diastole may not be identical in the two species.
Importance of measurement of flows through the sev-
eral areas. Quantitative Doppler echocardiography would
be most useful if flow values measured in one area were
comparable with values found in other areas. If this were
true, it should be a relatively simple matter to quantitatively
determine shunt lesions and valvular insufficiency. Thus,
in patients without shunts or valvular insufficiency, mea-
surement of similar flows from several areas of the heart
would increase confidence in values obtained by Doppler
echocardiography.
We thank Cheryl Czaplicki for her assistance in editing and typing this
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